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ABSTRACT 

A comparative study of the gametophytes of eight Mexican species of the genus 
Blechnum (Blechnaceae) is described. Fertile plants for spore collection were obtained at 
different Mexican localities. The spores were sown in agar enriched with Thompson media 
and cultured at 22-25 °C, with a light regime of 12 hours. Spores of all species are monolete, 
ellipsoidal to spheroidal, and non-chlorophyllous. Vittaria- type germination occurred after 
6-14 days followed by a 2-6-cell-long filament and Aspidium- type prothallial development. 
Adult gametophytes are cordiform-spatulate to cordiform-reniform and have wide wings 
with numerous unicellular marginal and superficial hairs. Sporophytes developed only in B. 
occidentale and B. polypodioides. 
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RESUMEN 

Se describe el estudio comparativo de la fase sexual de ocho especies del genero 
Blechnum para Mexico. Las plantas fertiles para la obtencion de las esporas fueron 

s 

recolectadas en distintas localidades del pafs. Estas se sembraron en agar enriquecido 
con medio nutritivo de Thompson y se pusieron a germinar temperatura de 22-25 °C y 
con un regimen lumfnico de 12 h luz. Las esporas de todas las especies son monoletes, 
elipsoidales a esferoidales, no clorofflicas; presentan germination tipo -Vittaria, filamento 
de 2-6 celulas de longitud, desarrollo protalico tipo -Aspidium. Los gametofitos adultos son 
cordiforme-espatulados a cordiforme-reniformes, presentan amplias alas con numerosos 
pelos unicelulares marginales y superficiales; los gametangios son del tipo de los helechos 
leptosporangiados. Los esporofitos solo se formaron en B. occidentale y B. polypodioides. 
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Palabras clave: Blechnaceae, Blechnum, gametofitos, helecho, Mexico, morfo- 
genesis. 


INTRODUCTION 

Blechnum L. is the largest genus of the family Blechnaceae (Pteridophyta). 
The nearly 200 species are primarily tropical. There are 15 species of Blechnum in 
Mexico. Mexican species are terrestrial, hemiepiphytic or epiphytic and most are 
widespread, extending into Central and South America. The genus has sometimes 
been divided on the basis of monomorphic (Blechnum) vs. dimorphic fronds (Lomci- 
ria Willd.), but there are several further groupings of dimorphic-fronded species, 
each of which could conceivably be considered a distinct genus (Smith, 1981; Mickel 
& Beitel, 1988; Moran, 1995; Mickel & Smith, 2004). 

Gametophyte morphology of several species of Blechnum has already been 
studied, mostly in Old World species such as B. gibbum (Lab.) Mett., B. orientate 
L. and B. spicant (L.) Wither (Stubner, 1882; Lampa, 1901; Dopp, 1927; Karpowicz, 
1927; Stokey, 1951; Stokey & Atkinson, 1952a, 1952b; Kachroo, 1955; Stone, 1961; 
Nayar, 1962; Nayar, et al., 1966; Beisvag, 1970; Cousens, 1979, 1981; Chiou, 1989; 
Fernandez et al., 1997; Menendez et al., 2006a, 2006b), but it is scarcely known for 
the American species, with the exception of some from South America, mainly Chi¬ 
le and Argentina (Rodriguez-Rios, 1973; Duran & de la Sota, 1996; Perez-Garcia et 
al., 1996). 

Considering the morphological differences that exist in the Blechnum sporo- 
phyte, it is necessary to continue studies on the development of the gametophytic 
phase, in order to determine whether there are features that allow to recognize 
groups on infrageneric level. 

This paper describes the gametophytic morphogenesis of Blechnum appendi- 
culatum Willd., B. falciforme (Liebm.) C. Chr., B. gracile Kaulf., B. occidental L., 
B. polypodioides Raddi, B. schiedeanum (Schltdl. ex C. Presl) Hieron., B. serrula- 
tum Rich, and B. xcaudatum Cav. All species are native to Mexico. 


MATERIALS AND METHODS 

Spores were obtained from numerous locations in Mexico (Table 1). Fertile 
pinnae with mature sporangia were stored inside paper envelopes and left to dry in 
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Table 1. Sites of origin of the taxa under research. 


Taxa 

Vouchers 

State/Municipality/Locality 

Vegetation/ 

altitude 

Blechnum 

cippendiculatum 

Willd. 

AMR-600 

- Oaxaca, San Gabriel Mixtepec, ca. 4 
km after San Juan Lachao Nuevo. 

MRF, 1068 m 


AMR-628a 

- Veracruz, Fortin de las Flores, ca. 3 
km after Fortin, towards Orizaba. 

OFC, 960 m 

B. falciforme 
(Liebm.) C. Chr. 

AMR-782 

- Oaxaca, Totontepec Villa de 

Morelos, 3 km after Totontepec 
towards Santa Maria Yocochii. 

MMF, 2064 m 

B. gracile Kaulf. 

AMR-851 

- Veracruz, San Andres Tuxtla, Lote 

69 in the Los Tuxtlas Biology Station, 
UNAM, near Laguna Azul. 

MEF, 150 m 

B. occidentale L. 

AMR-609 

- Veracruz, Catemaco, ca. 1 km before 
Tebanca, towards San Pedro Soteapan. 

MRF, 360 m 


AMR-614 

- Veracruz, Catemaco, ca. 3 km after 
Coyame towards Adolfo Lopez 

Mateos. 

MEF, 650 m 

B. polypodioides 
Raddi 

AMR-604 

- Oaxaca, San Pedro el Alto, 3.5 km 
before Santa Maria Jalatengo and 

4 km after La Soledad, Pochutla- 
Miahuatlan road. 

OPF, 1548 m 


AMR-855 

- Oaxaca, Ayotzintepec, towards La 
Nueva Esperanza, 9 km after Valle 
Nacional towards La Esperanza. 

MMF, 570 m 

B. schiedeanum 
(Schltdl. ex C. 
Presl) Hieron. 

AMR-716 

- Veracruz, Juchique de Ferrer, ca. 1 
km after Santa Rita, towards Misantla. 

MMF, 1410 m 

B. serrulatum Rich. 

AMR-896 

- Veracruz, Coatzacoalcos. 7 km 
before Coatzacoalcos, on the federal 
road Minatitlan-Coatzacoalcos. 

SV, 0 m 

B. xcaudatum Cav. 

AMR-627 

- Veracruz, Fortin de las Flores, ca. 3 
km after Fortin towards Orizaba. 

OFC, 960 m 


AMR, Aniceto Mendoza Ruiz; OFC, oak forest with coffee plants; OPF, oak pine forest; 
MMF, mesophilous mountain forest; MEF, moist evergreen forest; MRF, montane rainforest; 
SV, swamp vegetation. 
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laboratory conditions to facilitate spore release. After several days, the contents of 
the envelopes were sifted with a metallic mesh with openings 0.074 mm in diameter 
to eliminate the remains of sporangia and indusia. Spores of all species were sown 
in Petri dishes 5 cm in diameter (20 dishes for each species, with three replicates 
for each species) containing previously sterilized agar with Thompson’s nutrients 
(Klekowski, 1969; Mendoza-Ruiz & Perez-Garcia, 2005). The spores were spread 
on the surface of the solidified medium with a thin brush, with an average density 
of 100-150 spores/cm 2 . 

The Petri dishes were maintained in transparent plastic bags to avoid de¬ 
hydration and contamination under a 12 h light/darkness photoperiod (with 75 
watts “day-light” lamps) at 22-25 °C temperature. Each dish was initially opened 
every third day in order to determine when germination began and to observe 
the different developmental stages of the gametophyte, as well as to dampen the 
growth media with sterilized distilled water and enable sperm to move once the 
gametophytes became sexually mature. To investigate light requirements for ger¬ 
mination and development, two dishes of each species were kept in darkness and 
opened 100 days after they had been sown. Spore sizes were also measured from 
material in water, using a compound microscope equipped with an ocular micro¬ 
meter. For the average size of spores, thirty spores were measured for each species 
(Erdtman & Sorsa, 1971). 

Photomicrographs were taken of live material through a stereoscopic mi¬ 
croscope and optic microscope, with black and white, 35 mm, TIMAX-100 film an 
OLYMPUS BX41 microscope, with Digital Camera Olympus C-5060 wide zoom. 


RESULTS 

The spores of all studied species were monolete, ellipsoidal to spheroidal, 
light to dark brown or yellow, and achlorophyllous. The perispore was smooth, with 
small papillae, or reticulate. Spore size varied within the following ranges for each 
species: Blechnum appendiculatum, 37(41)49 pm long x 24(27)31 pm wide (Fig. 1); 
B.falciforme, 53(57)68 x 37(40)49 pm; B. gracile, 41(43)47 x 27(29)31 pm (Fig. 2); B. 
occidentale, 34(37)40 x 22(24)26 pm (Fig. 3); B. polypodioides, 37(40)43 x 23(25)28 
pm; B. schiedeanum, 64(67)74 x 44(49)54 pm; B. serrulatum, 34(38)40 x 25(28)39 
pm; and B. xcaudatum, 37(45)54 x 25(28)32 pm. 

Spores of Blechnum gracile , B. occidentale , B. polypodioides , B. serrulatum , 
and B. xcaudatum germinated from day 6, whereas those of B. falciforme and B. 
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Figs. 1-9. Spores and filamentous phase of Blechnum. Figs. 1-3. Blechnum spores: 1. B. 
appendiculatum, 2. B. gracile , 3. B. occidentale ; Fig. 4. germination. B. occidentale (8 days); 
Figs. 5-9. filamentous phase: 5 and 8. B. occidentale (9-11 days), 6 and 9. B. polypodioides 
(9 days), 7. B. falciforme (14 days), me = meristematic cell, p = perispore, pc = prothallial 
cell, sc = spore cover, r = rhizoid. 
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schiedeanum germinated on day 14. All had Vittaria- type germination according to 
the criteria of Nayar & Kaur (1971). The first cellular division produced the hyaline 
rhizoidal cell, perpendicular to the polar axis of the spore. Subsequently, the protha- 
llial cell, which was short and with abundant chloroplasts, emerged from the spores 
cover (Fig. 4). Because spores kept in the dark did not germinate after 100 days, they 
are considered positively photoblastic. 

The prothallial cell underwent periclinal divisions giving rise to 2-6-cell-long 
uniseriate filaments. This was a short phase that began on day 10 and lasted until 
day 20 (Figs. 5-9). Once the filament was differentiated, a two-dimensional thallus 
developed in two ways: 1) from the apical cell of the filament which divided cros¬ 
swise forming two unequal cells whose function is to form a meristematic cell that 
will initiate the development of the plate, or 2) through the lengthwise division of 
the intercalary cells of the filament that gave place to the plate phase and, later, to 
the establishment of a pluricellular meristem (Figs. 9-11). These two developmental 
types are present in some species of Blechnum. 

Plate phase formation began between days 20-40 with an orientation change 
in the division plane of the apical cell, showing a variation in the prothallial develop¬ 
ment pattern. In Blechnum gracile, B. occidentale, B. polypodioides, B. serrulatum , 
and B. xcaudatum , the apical cell of the filament divided crosswise to form two 
unequal cells whose function was to form a meristematic cell from which the plate 
phase will later develop (Fig. 10). However, in B. falciforme and B. schiedeanum the 
plate phase began with the lengthwise division of the filament's intercalary cells to 
form the plate and the subsequent establishment of a pluricellular meristem, which 
then formed the gametophytes (Figs. 11-15). Gametophyte development in all spe¬ 
cies corresponded to the Aspidium-type, according to Nayar & Kaur (1969). During 
this stage, the gametophytes were vegetative. Rhizoids were few in number, light 
brown, and longer than the gametophyte (Figs. 13-17). It is during this stage that 
the development of marginal unicellular hairs began in all the studied species (Figs. 
11 - 12 ). 

All species were unisexual and gametangia (initially archegonia) differen¬ 
tiated between day 50 and day 80. Archegoniate individuals were the first to deve¬ 
lop (protogynous) within a population and did so within an asynchronous manner. 
In Blechnum falciforme, archegonia were apparent by day 40; in B. gracile, B. 
polypodioides, and B. schiedeanum, by day 50; in B. occidentale, B. serrulatum, 
and B. xcaudatum by day 60; and in B. appendiculatum by day 70. Female ga¬ 
metophytes were spatulate-cordiform to cordiform-reniform and the wings broad. 
The cushion became well differentiated between day 70 and 100 (Figs. 21-22) 
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Figs. 10-17. Development of plate phase and young plate gametophytes of Blechnum : 10. 
B. falciforme (14 days), 11. B. occidentale (22 days), 12. B. serrulatum (11 days), 13. B. 
falciforme (28 days), 14. B. gracile (30 days), 15. B. falciforme (47 days), 16. B. polypodioides 
(41days), 17. B. gracile (50 days), m = meristem, me = meristematic cell, h = hairs. 
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Figs. 18-25. Adult gametophytes of Blechnum : 18. vegetative gametophyte of B. gracile 
(50 days), 19. vegetative gametophytes of B. xcaudatum (69 days), 20. gametophyte 
with archegonia of B. falciforme (118 days), 21-22. gametophytes with antheridia of B. 
falciforme (80 and 118 days), 23. B. schiedeanum's female gametophyte (100 days), 24- 
25. B. apendiculatum' s gametophytes with archegonia (50-100 days), an = antheridia, ar = 
archegonia, c = cushion, w = wings. 
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with numerous unicellular capitate hairs in the gametophyte margin and, in les¬ 
ser amounts, on both surfaces (Figs. 26-27). The archegonia were distributed on 
the cushion near the meristematic zone (Figs. 20, 23-25, 28, 30, 31). Their necks 
were elongated, 4-5 cells long, and slightly curved towards the basal region of the 
gametophyte. The mouth was composed of 4 cells, and the necks of four rows 3-5 
cells long (Fig. 32). 

The antheridia developed after the archegonia, between day 60 and day 
70 in most species, with the exception of Blechnum appendiculatum in which 
they developed after day 80 (Figs. 21-22). Male gametophytes were spatulate- 
elongated to spatulate-cordiform, their cushion scarcely differentiated between 
60-80 days, and their wings were narrower than those of females (Figs. 18-25). 
Antheridia were oblong, sometimes with a slightly narrowed base, and compo¬ 
sed of a basal cell, an annular or ring cell, and a very conspicuous opercular cell 
(Fig. 33). They were distributed irregularly on the on the ventral face of spatulate 
gametophytes. 

Sporophytes developed in Blechnum occidentale and B. polypodioides 90 
days after the spores had been sown. The first leaves were spatulate to bilobate with 
open dichotomous venation (Fig. 34). The petiole was long and terete with hyaline, 
capitate hairs. Stomata were found only on the abaxial side of the blade and lacked 
subsidiary cells. 


DISCUSSION 

The species studied here can be placed in two groups based on spore size and 
frond morphology. The first contains species with monomorphic leaves, such as Ble¬ 
chnum appendiculatum , B. gracile, B. occidentale , B. polypodioides , B. serrulatum 
and B. xcaudatum, which have small spores measuring on average 37 to 43 pm long 
by 24 to 31 pm wide. The second group contains B. falciforme and B. schiedeanum, 
which have dimorphic leaves and larger spores measuring on average 57 to 67 pm 
long by 40 to 49 pm wide. Duration of the pre-germination phase following expo¬ 
sure to agar based media corresponded with spore size, with smaller spore species 
germinating earlier than species with the two largest spores (i.e., B. falciforme and 
B. schiedeanum). 

The Aspidium- type differs from all others in that there is often a margin of 
variability in the process of development and that it is conditioned by early hair for¬ 
mation in the young gametophyte. 
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Figs. 26-34. Blechnum' s adult gametophytes, hairs, gametangia and sporophytes: 26. B. 
apendiculatum s marginal hairs (100 days), 27. B. gracile's hairs with secretion (70 days), 
28. B. gracile's meristematic zone with archegonia (52 days), 29-30. B. serrulatum s female 
gametophytes (43 and 52 days); 31. B.xcaudatum' s female gametophyte (170 days), 32-33. 
neck of archegonium and antheridium of B. polypodioides (55 days), 34. B. polypodioid.es 
sporophyte's first leaf (100 days), be = basal cell, cc = annular cell, oc = opercular cell, os = 
oil secretion, ar = archegonia. 
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The Aspidium- type of development is a constant characteristic except in 
some Australian and Chilean species as Blechnum nudum Mett., B. penna-marina 
(Poir.) Kuhn and B. chilense (Kaulf.) Mett., which lack hairs during the entire 
developmental stage and therefore have the Adiantum- type of gametophyte deve¬ 
lopment. 

In the Adiantum- type, the terminal cell of the germ filament divides by a wall 
oblique to the long axis of the filament, and this is followed by another division by a 
wall at right angles to it. Thus, a transverse row of three daughter cells is formed, of 
which the middle one is wedge-shaped and acts as a meristematic cell (Nayar, 1962; 
Nayar & Kaur, 1971; Rodrfguez-Rfos, 1973; Duran & de la Sota, 1996; Perez-Garcfa 
et al., 1996). 

Hair abundance varies among species and depends on the stage of prothallial 
development. In some species, such as Blechnum cycadifolium (Colla) Sturm., B. 
orientale L., and B. gibbum (Lab.) Mett., young prothallia are glabrous, with the 
hairs developing only when they are mature. In other species such as B. buchtienii 
Rosenst., B. brasiliense Desv. and B. spicant (L.) Roth, gametophytes develop hairs 
soon after attaining a plate phase as is the case for the species studied here (Atkin¬ 
son, 1973). On the other hand, gametophytes of the Australian species B. nudum 
and B. penna-marina , and the Chilean species B. chilense , are completely glabrous 
during their entire development (Stokey & Atkinson, 1952a, 1952b; Stone, 1961; 
Perez-Garcfa et al., 1996). 

Although Blechnum is often considered to be a big genus, it is relatively ho¬ 
mogeneous for such a large group. Morphological differences in the sporophytes 
such as monomorphic and dimorphic fronds and size of spores, seemingly share a 
similar pattern of germination and development prothallial, and gametophytes of 
Blechnum are not sufficiently known to provide information for an adequate infrage¬ 
neric classification (Table 2). Study of the whole genus, especially the gametophytes, 
will be necessary to provide data for establishing relationships within the section, 
fronds dimorphic groups or fronds monomorphic groups (Smith, 1981, Tryon & 
Tryon, 1982; Mickel & Beitel, 1988; Mickel & Smith, 2004). 
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Table 2. Morphological characteristics of Blechnum 's gametophytes and time of their incidence. 
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